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Introduction
Colorectal cancer (CRC) is the fourth most common digestive cancer worldwide, the third most common cancer in Asia, and the fourth leading cause of cancer death in the world [1, 2] . In Taiwan, CRC has been the most common cancer for the past 9 years, with an age-adjusted incidence of 44.7 per 10 5 persons, and mortality of 14.9 per 10 5 persons in 2015. It is now also the third leading cause of cancer death in Taiwan [3] . Colonoscopy has the advantages of better performance in detecting colorectal neoplasms (> 95% for invasive cancers and 90% for advanced adenoma) [4] . Negative colonoscopy was associated with a 56% lower incidence of CRC and 68% lower mortality [5] . Colonoscopy quality guidelines recommend a cecal intubation rate (CIR) of at least 90% for all colonoscopies and 95% for screening colonoscopies [6, 7] , but incomplete colonoscopy can be as high as 25% [8] .
Successful repeat colonoscopy can detect lesions in up to 53% of cases [9] . So it is important to have a successful repeat colonoscopy on those failed cases. Transparent cap-assisted colonoscopy (TCAC) or water-exchange colonoscopy (WEC) has been used separately in previous incomplete difficult colonoscopy [11, 12] , however, the application of these two methods together in repeat colonoscopy has not been reported. In this study, we report our experience with the application of combined TCAC and WEC in the setting of previous incomplete difficult colonoscopy and evaluate the success rate, the time-to cecum duration, polyp detection rate, and the complications.
Materials and Methods
From November 2016 to October 2018, a total of 852 cases of combined CAC and WEC were performed by a single endoscopist Table 1 . Within that period, 8 cases of incomplete difficult colonoscopy were enrolled for analysis. The primary outcome of the study was the overall success rate of the combined methods, while the secondary outcomes included time-to cecum duration, polyp detection rate, and adverse events or complications.
Patients were included when fulfilling both of the following criteria:
(1) Previous colonoscopy with failure to reach the cecum; (2) previous colonoscopy was performed by gastroenterologists or colorectal surgeons, and not training fellows.
The exclusion criterion was inadequate colon preparation.
Definitions of difficult colonoscopy were:
This article is protected by copyright. All rights reserved. An adult colonoscope (CF290L, Olympus Optical Co., Ltd., Tokyo, Japan), a water infusion pump (OFP, Olympus) with room-temperature water, and a transparent distal cap (D-201-13404, Olympus) were used for combined TCAC, and WEC colonoscopy.
Pethidine and midazolam or intravenous propofol sedation were used for sedation.
The techniques of combined CAC, and WEC Air-less water exchange colonoscopy was used with cap fitted colonoscope. The water infusion and nearly simultaneous suction of water, provide a layer of clear water, allowing gasless instrument progression to the cecum, minimizing distention and maximizing cleanliness during insertion [10] . The water was used to straighten redundant sigmoid by the weight of water, and to clear any residual stool in the colon. The cap was used to hook the colon wall for loop reduction in redundant colon segment, and to provide better view in angulated segment by keeping the mucosa away from the lens (Fig. 2) . On withdrawal, carbon dioxide was used for detailed colonoscopic examination [11] .
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Results：The results of previous 852 cases of combined CAC and WEC were shown in Table 1 . The results of 8 previous incomplete colonoscopy were shown in Table 2 . All included patients were female with the mean age of 59 years (39-72 years). One patient had failed colonoscopy twice previously, 4 had previous abdominal surgery (appendectomy, ovarian cancer surgery, Cesarean section, abdominal total hysterectomy). The locations reached in This article is protected by copyright. All rights reserved.
previous colonoscopies were sigmoid colon (n=3), descending colon (n=1), splenic flexure (n=1), and transverse colon (n=1), hepatic flexure (n=1) or unknown (n=1). Six cases were performed previously by gastroenterologists, and 2 by colorectal surgeons. The failed previous colonoscopies were performed in medical center and regional hospitals, including our hospital. Three patients had lower gastrointestinal series done, revealing redundant sigmoid colon in 3, and redundant transverse colon in 2 cases. The mean duration time to reach ceum was 12.5 mins (6.8-23.3 mins). A CIR of 100% was achieved in the repeat colonoscopy using the combined methods of TCAC and WEC, without complications. Four patients had colon polyps (cecum, ascending, and transverse colon).
Two patients had two polyps each. Tubular adenomas were found in 2 cases, and sessile serrated adenoma in one.
The remaining one was hyperplastic polyp. Polyps from two out of the eight cases belonged to advanced colon adenoma (1.5cm-size of tubular adenoma Fig. 3 , and 1cm-size of sessile serated adenoma). The causes of previous failed colonoscopy were redundant colon in 7 cases, and acute angle in one case.
Discussion
Colonoscopy is the preferred method for screening of colorectal cancer. Polypectomy during colonoscopy has been shown to decrease the incidence of colorectal cancer and associated mortality [13] . Incomplete colonoscopy ranged from 4% to 25% for both screening and non-screening colonoscopies [5] . The reasons for of incomplete colonoscopy included poor colonic preparation, obstructing masses and strictures, diverticular disease, , angulated or fixed colon loops, adhesions due to previous surgery, spasm, female sex or older age, and a low body mass index [14, 15, 16] . Four of our patients had previous abdominal surgery, while 3 patients had redundant sigmoid and transverse colon. The finding of additional polyps on successful repeat colonoscopy can be as high as 53% [9] . It is therefore recommended for a quality colonoscopy to have a 95% CIR for screening colonoscopies, and 90% CIR for all colonoscopies [6, 7] . Indeed, it is important to perform repeat colonoscopic examination in failed cases. We had 3 adenomas detected on these 8 previously failed cases.
TCAC is a transparent cap attached to the tip of the colonoscope, and since 2007, there have been numerous papers reporting its usefulness in improving cecal intubation rate, cecal intubation time, and adenoma detection rate [17] . Transparent cap provides a better view in angulated colon and facilitates hooking of the tip of colonoscope against the mucosal fold during loop reduction [18] . Transparent cap also helps in luminal orientation by keeping the mucosa away from the lens (Fig 2) , and has a better anticipated direction with sharp turns. In cases of failed cecal intubation, use of TCAC as a rescue method could achieve a higher success rate than routine colonoscopy (66.7% vs. 21.1%, P=0.003) [12] . Kim reported a 71% success rate of cecal intubation in previous incomplete difficult colonoscopy with TCAC [11] , and a higher success rate of 94.2% in 6 cases using cap-assisted gastroscope. In a systemic review and meta-analysis reported in 2017, TCAC significantly improves the proximal colon adenoma detection rate, flat adenoma and serrated colonic lesion detection rates are also significantly higher as compared with standard colonoscopy [19] Water-assisted colonoscopy consists of water immersion (WI), and water exchange (WE) colonoscopy. WEC has been reported to enhance cecum intubation in difficult colonoscopy with a history of abdominal surgery [12] .
Since Leung et al. first came to the conclusion that WE was superior to WI for colonoscopy, a growing number of RCTs have attempted to make comparisons between WE and WI [20] . Water makes the passage of the colonoscope easier by straightening the angulated sigmoid colon, weighing the colon down, and lubricating the interface between the scope and the mucosa [21] . Patients who underwent WEC had significantly lower pain score, required less sedation, and had higher willingness to repeat the procedure in a meta-analysis of 8371 cases [22] .
There is a controversy about using room water or warm water in WEC [23, 24] . In a systemic review with a network meta-analysis of randomized controlled studies by Fuccio et.al. in 2018, WEC significantly increases overall adenoma detection rate, adenoma detection rate in screening cases, and in the right side of the colon, it also improves colon cleanliness but requires a longer insertion time [25] . Combined TCAC and WEC method has been used to study the cecal intubation time in a randomized controlled trial, and was found to have shorter cecal intubation time and lower volume of water infusion during colonoscopy [26] . In a retrospective study, TCAC and WEC improved the performance of screening and surveillance colonoscopy with a high adenoma detection rate of75% [27] .
Other methods for improving colonoscopy completion were described in American Society of Gastroenterology Guideline 2018, which include balloon enteroscope-assisted colonoscopy, magnetic endoscopic imaging/fluoroscopy, through-the-scope balloon devices, stiffening device assistance, and guidewire assistance [28] . Out of the above listed methods, TCAC and WEC are simple, inexpensive and non-sophisticated. The benefits afforded by the cap that can hook the colon wall for loop reduction in redundant colon segment, and provide better view in angulated segment by keeping the mucosa away from the lens, in combination with water straightening the redundant sigmoid colon, thus forming less looping can lead a better success rate in previous incomplete difficult colonoscopy. We had successful repeat colonoscopy in all 8 cases with a 100% CIR, and 50% of them had colon polyps detected. The minor disadvantage of TCAC was difficulty in inserting the scope through This article is protected by copyright. All rights reserved.
the anus as the cap diameter is larger than the colonoscope.. The limitation of this study is a small sample of retrospective study without control, experience, and IV propofol can potentially facilitate the success of cecum intubation.
. In summary, combining cap-assisted colonoscopy (TCAC), and water exchange colonoscopy (WEC) are useful in previous incomplete colonoscopy. This article is protected by copyright. All rights reserved. 
